The problem of rationalizing S&T cooperation, including identifying the most promising areas and forms for S&T cooperation (geographical and thematic) and state support instruments, is critically important to many countries. In view of the growing complexity of global trends and domestic restrictions on development and the emergence of new factors affecting contacts with foreign countries, there are increasing demands in the international arena to collect and analyse relevant information required to make substantiated administrative decisions on various levels, including with regard to international S&T collaboration. In these conditions, researchers and experts tend to resort to a broad range of empirical methods, while politicians make more active use of their results in administrative practice and international contacts. This working paper describes and systematizes analysis results in the field of international S&T collaboration based on a bibliometric study. The authors combine quantitative methods of bibliometrics and sociology to identify prospective partners and promising areas for collaboration. In addition, the possibility of using the proposed approach to provide information support for current state policy-making is assessed, and key results of the study are examined.
Introduction
Solutions to problems associated with global (grand) challenges directly affect the scientific and technological community (the 'scientific sphere'), go beyond the remit of individual governments, and are only possible on a regional or international level [EC, 2011; Silberglitt et al., 2006] . Globalization and thus internationalization contribute in part to intensifying the roles and positions of new players, such as China, India, Brazil, and others.
Although the main investors in this sphere are still the USA, Western Europe and Japan, the formation of a multipolar 'scientific world' has come to be a long-term trend [ICSU, 2011] .
First, alongside state interests, global challenges in many ways define the selection of national S&T development priorities (STDPs) set out in national concepts, strategies, programmes and major projects [Haegeman, 2015; Sutherland, 2015; OECD, 2012; Meissner, 2013; European Commission, 2011] .
In Russia, S&T priorities and critical technologies (CTs) have been developed since 1996; the current lists of S&T priorities and CTs were approved by the Russian President in 2011 7 . Their selection is promoted as a basic approach to establishing and implementing a system of measures/actions to overcome the economic and technological gap between Russia and the global leaders, modernize and transform the national economy, increase the competitiveness of the research and development (R&D) sector, and raise the effectiveness and performance of government spending to support and develop this sector. STDPs and CTs are key components of all strategic initiatives and a basis for decision-making in the scientific sphere, including the implementation of S&T achievements in the economy and public life.
These priorities are regularly revised and refined based on the results of long-term S&T development forecasts.
The selection of S&T priorities is a fairly complex (both methodologically and organizationally), multi-stage, cyclical process of identifying scientific areas strategic for the national economy and assessing the potential for their development. Without dwelling on a description of the 'canonical' procedure followed to establish the lists of STDPs and CTs, which is widely used in developed countries and has been described in detail in scientific literature 8 , it is worth noting that it is based on implementing foresight studies, involving large numbers of experts from science, industry, and other economic sectors throughout the whole process, and combining a wide range of quantitative and qualitative analytical methods. At the end of this 'procedure', detailed characteristics are given f the selected priorities together with recommendations regarding their further development (field of application, goals, effects, groundwork, potential developers, prospective markets, conditions for development and expansion, etc.).
Nowadays in Russia, as in other countries, other approaches are used to select priorities (for instance, in the framework of National Technology Initiative 9 ). These do not, however, diminish the value of using and improving the conventional approach, which helps to ensure that state policy measures (documents) are coherent and coordinated, that they are submitted in a common harmonized format, and that they are comparable on an international level.
Given that the current STDP and CT lists in Russia are prepared and modified in the context of best practices of leading foreign countries 10 , there is a strong basis for moving towards harmonization of mutual interests, areas, goals and objectives, as well as mechanisms to achieve practical results in international S&T cooperation.
Second, without doubt, it is critically important for Russia to increase its participation in global S&T cooperation [Medvedev, 2015] . This being said, policy measures aimed at developing international S&T cooperation must be chosen with due regard to the level of national R&D development as compared to that of foreign countries, global trends and, at the same time, national priorities. Yet, amid the complex current geopolitical and geo-economic situation, it is becoming critically important for Russia and many other foreign countries to rationalize this cooperation, which includes the identification of most promising areas and forms of S&T collaboration (geographical and thematic) and state support instruments. In particular,
there is an increasing role of bilateral contacts as a channel allowing Russia to directly implement its competitive advantages, to take benefit of the opportunities and effects of direct contacts with 'carriers' of modern technologies and products, and to gain access to foreign markets. Such form of international S&T cooperation is all the more important as bilateral partnerships directly affect the effectiveness of participation in the international division of labor, 9 National Technology Initiative (NTI) is a programme of creating fundamentally new markets and conditions for Russia's global technological leadership by 2035. The implementation of NTI is one of the key tasks set by the President of the Russian Foundation Vladimir Putin in his Address to the Federal Assembly on December 4, 2014. The programme is aimed at finding system solutions for identifying key technologies, changes in the rules and regulations, effective measures of financial and human resources development, and mechanisms of involment and compensation of carriers of relevant competences. In selecting key technologies, major trends of global development are taken into account, and priority is given to network technologies centered on the person as the end consumer. Currently, NTI is centered around 9 main thematic areas selected by the expert community as a result of thorough expert discussions: distributed power from personal power to smart grid and smart city (EnergyNet), system of personal production and food and water delivery (FoodNet), new personal security systems (SafeNet), personal medicine (HealthNet), distributed systems of unmanned aerial vehicles (AeroNet), distributed systems of unmanned maritime transport (MariNet), distributed network of unmanned management of road vehicles (AutoNet), decentralized financial systems and currencies (FinNet), distributed artificial elements of consciousness and mentality (NeuroNet) (https://www.asi.ru/eng/nti/, last accessed 9/11/2015).
as well as the consolidation of Russian scientific achievements and high-tech products in traditional and emerging markets.
Fourth, a pressing problem today is differentiating approaches to developing bilateral collaboration with a focus on the specifics of different groups of states and improving relations with foreign partners. What is more, in every case, there needs to be a detailed analysis of the areas in which mutually beneficial relations can be built, as well as of the scientific, technological and economic profiles and needs of foreign countries. Obviously, focusing on contacts with a particular group is associated not only with positive expectations, but also with significant barriers and problems coming to light.
In this respect, the appeal factors of the BRICS countries (except Russia: China, India, Brazil and South Africa) for cooperation in science are linked to the fact that they:
 produce 'cheap' and 'reverse' innovation; To meet this problem, the authors propose an approach which allows the choice of priorities to be substantiated with bibliometric and sociological methods. In particular, it should be noted that (in view of the growing complexity of global trends, domestic restrictions on the development of countries, regions and the global economy and policy as a whole, and the emergence of new factors affecting the effectiveness of contacts in the international arena)
requirements to collect and analyse relevant information as a basis for making substantiated administrative decisions, including with regard to international S&T cooperation, are clearly becoming more rigorous. Experts increasingly tend to resort to a broad range of empirical approaches, while politicians make more active use of their results in administrative practice and international contacts on different levels.
This working paper systematizes results from studies in the field of analysis of Russia's international S&T collaboration models using modern analytical tools. In particular, the authors demonstrate the possibility of combining quantitative methods of bibliometrics and sociology to identify prospective partners and areas of such cooperation. In addition, the potential of using the proposed approach to provide information support for current state policy-making in this sphere, as well as the results obtained in the course of the study are analysed.
Short description of the methodical approach
The proposed approach to studying priority areas of international S&T cooperation involves combining:
-a bibliometric analysis of S&T specialisation of Russia and foreign countries and of internationally collaborated publications;
-surveys of Russian and foreign experts on prospective areas for cooperation (broken down by theme and country);
-the results of long-term S&T foresight.
The possibilities and limitations of a bibliometric analysis of publication activity for international comparison of the effectiveness of scientific systems and of the global ranking of countries in science are well known. An in-depth, comprehensive evaluation of various trends in this field allows the foundations to be laid to increase the adaptability and effectiveness of state policy, including the selection of areas and instruments of international S&T cooperation. This means in particular identifying the scientific specialisation of countries and identifying fields where there are most likely to be prospective and fruitful contacts between them [Barré, 1987; Grupp, 1995; Wagner, 1995; Tijsen et al, 2002; Klitkou et al, 2005; Ja Peclin and Juznic, 2012; Jarneving, 2009; Arencibia-Jorge and de Moya-Anegón, 2010; Schneider, 2010; Kotsemir, 2012; Confraria and Godinho, 2014; Zacca-Gonzalez et al, 2014] . 13 For more on international scientific citation databases see [Brusoni et al., 2005; Brusoni and Genua, 2005; Yang and Meho, 2006; Fingerman, 2006; Falagas et al., 2008; Archambault et al. 2009; Jacsó, 2009] . 14 These differences can generally be disregarded as there are very few publications that have been published 'outside its journals'. Both 'research areas' and 'Web of Science categories' can be considered as classifications of publications. 15 One significant shortcoming of Scopus when analysing the thematic structure of publications is the lack of detailed classifications for research areas. Scopus only allows them to be grouped under 27 main areas. A detailed classification of scientific fields (314 research areas in 27 main areas) can only be found on the electronic analysis resource SCImago Journal and Country Rank, developed on the basis of Scopus, but not within Scopus itself. Scopus also indeces a number of journals of questionable quality, which publish low-grade unreviewed articles for money.
The scientific specialisation of a country can be determined by comparing the thematic structure of its publications with the global structure of publications. The scientific specialisation index (SSI) of country j in scientific field i is calculated as the relationship between the share of its publications in scientific field i in the total number of its publications j to the equivalent figure for the global structure of publications [see Gokhberg, 2003; Gokhberg and Sagieva, 2007] . Areas of knowledge with ISS more than 1 are considered formally as 'fields of specialisation'. However, genuine fields of specialisation are those, in which ISS is significantly more than 1 (e.g. 1.50 or 1.75). On the contrary, when the values of ISS are significantly less than 1, it is considered that the specific research area does not comply with the level of existing groundwork, potential, or development interests of the country [Akneses et al., 2014; Barre, 1991; Bongionni et al., 2013] .
The scientific specialisation index can also be calculated for organizations, as well. In this case, the basis for comparison can be either the number of publications worldwide or the number publications in the country in which the organization operates.
The SSI is used to identify the scientific fields in which the majority of a country's (organization's) publications are concentrated. It can be used to search for potential partners (on both macro and micro levels). However, it is important to note that the value of this index is highly dependent on the thematic structure of journals in the bibliographic database and in the country in question. On Scopus and Web of Science, a significant number of journals fall under the medicine, biological and natural sciences categories. Moreover, in social sciences and humanities, the level of publication activity is traditionally lower. E.g., in Web of Science in the thematic structure of global volume of publications, the share of clinical medicine for 2010 -2014 is 16.8%, share of biological sciences is 13.3%, share of physical sciences -12.4%, share of chemical sciences -13.3%. On the contrary, the share of economics and business is 3.1%, psychological sciences -2.5%, and the contribution of other social sciences and humanities in accordance to the OECD fields of science classification is less than 2%. In Russia, the situation with low values of SSI in social sciences and humanities is further intensified due to a poor representation of Russian journals in these fields of science in international bibliographic databases. In addition, Russian authors are rarely included in foreign journals of social science and humanities. The historical traditions of science of individual countries also need to be taken into account. In many poorest African countries, for example, areas such as tropical medicine, parasitology, virology, and entomology have high specialisation indices. In 90% of cases, these publications are joint studies with leading foreign countries rather than results obtained by African states independently. Finally, the scope of publication activity of a country is particularly important. When the volume of publications is low (several hundred publications over a relatively long period of time), as a general rule, the structure of sciences is largely distorted: in some areas, the SSI is extremely high, but in others very low. On the contrary, in traditional technology leaders with large overall numbers of publications, such as the USA, Western
Europe, Japan and some other counties, whose journals, conference proceedings, books, book series etc in a given science citation database are presented in all fields of science and which can be taken as a "small copy" of a given database, the thematic structure of publications is more balanced. This means that searching for partners using SSI indicators is advisable only for groups of countries with more or less comparable number of publications or within specific scientific fields [Pianta and Archibugi, 1991; Barre 1991; Nagpaul 1993; Guena 2001; Tuzi, 2005; Laursen and Salter, 2005; Murmann, 2012; Bongioanni et al, 2013 Bongioanni et al, , 2014 Abramo et al., 2014; Acosta et al. 2014; Askens et al. 2014] .
Another area in which bibliometrics is actively used is the analysis of internationally collaborated publications [Luukkonen et al., 1993; Katz and Martin, 1997; Dumont and Meeusen, 2000; Grupp et al. 2001] . The information produced in this case is useful both for researchers and policy-makers as it allows them to tackle a wide range of issues -identifying key partners in different countries, prospective areas for cooperation, specific features of forming co-authorship networks, and the intensity of these networks 17 .
Since the number of internationally collaborated publications only gives a general overview of cooperation, it is important to look at (evaluate) other processes too: existence of common research interests; availability of modern equipment for joint centres/groups to carry out experiments; strong skills in a particular area; personal contacts; youth exchange programmes; joint educational programmes; international research laboratories; new scientific journals, joint monographs and reports; and regular communications. For this, various expert methods, such as expert surveys, panels, and interviews, and sociological surveys are used.
These often serve as a basis for direct selection (description) of priorities [EC, 2011; ICSU, 2011; Silberglitt et al., 2006; UNIDO, TUBITAK, 2003] . Currently, distance personalized questionnaires and face-to-face and online working conferences are the most widespread [NISTEP, 2010; Sokolov et al, 2014; Syrjänen et al, 2009 ].
Based on the bibliometric analysis, sociological surveys and expert interviews, the study involved:
Analysis of the scientific specialisation profiles of Russia and 25 foreign countries with high publication activity indicators (high position and / or positive dynamics in the global ranking based on the total number of publications). A list of these countries is provided in Table   2 (cf. also the tables in the Appendices). The search was carried out on all current Web of Science databases 18 . For each country, the following indicators were analysed:
-number of publications in Web of Science;
17 Cf. for example: [El Alami et al., 1992; Gomez et al., 1995; Basu, Kumar, 2000; Glanzel, 2001; Wang, 2005; Zhou and He, 2009; Glanzel, 2010; Hoekman et al. 2010; Chinchilla-Rodríguez et al, 2010; Perc, 2010; Ding, 2011; Liu et al, 2012] . 18 Articles, reviews, and proceedings papers in all languages, in all fields of science, indexed in Web of Science were taken into account. The search was performed on all databases of Web of Science. Data is current as of April 2015.
-share of country in the global number of publications;
-position of country in the global ranking on the total number of publications;
-thematic structure of publications (according to OECD fields of Science classification);
-values of scientific specialisation index in different fields of science.
-For Russia, an in-depth analysis of internationally collaborated publications with selected 25 countries was done. In particular, the volume and fields of publications prepared by This English-language bias can do the process of preparation of publications more complicated.
Specific features of the scientific specialisation of Russia and foreign countries
Finally, the "culture of journal issuing" should be taken into account. In many Russian journals indexed in Scopus and Web of Science, there was no stable tradition (especially in early issues) to identify author affiliations (however, the situation in the past 10 years became much better 20 For problems of coverage of different fields of science in difference science citation database see e.g.: Nieminen andIsohanni, 1999; Norris and Oppenheim, 2007; de Moya-Anegón et al., 2007; López-Illescas, 2008 , Mikki, 2010 Grindlay, 2012; Mingers, and Lipitakis De Groote and Raszewski, 2010, 2012; Michels and Schmoch, 2012 21 Problems of English language bias in science were analyzed implicitly and explicitly in many research. See e.g. Garfield, 1976; Yitzaki, 1998; Egghe et al., 1999; Bookstein and Yitzhaki, 1999; van Leeuwen et al., 2000; Van Leeuwen et al., 2001; Tardy, 2004; Enrique Hamel, 2007; Wagner and Wong, 2011; Clavero et al., 2011. 22 Factors affecting country's ranking in the global number of publications include, inter alia, size of population and state policy measures for promotion of national journals in international bibliographic databases. 23 The fastest promotion in the rankings; leadership in areas such as materials engineering, computer and information sciences, chemical sciences and chemical engineering, civil engineering. New industrial states and countries with rapidly expanding economies 24 , including the BRICS nations, are increasing their publications output far more actively. In contrast to many other countries, the publication activity of Russian researchers rose slowly, and Russia's global position worsened (Table 1) . It managed to remain in the top twenty only in natural sciences and engineering and technology: Russia ranks 6-7 th in physics and 7-12 th in chemistry. The SSI for physics is 2.78 and for mathematics and chemistry 1.78. The preponderance of publications in natural and exact sciences has led to them being key in shaping Russia's scientific specialisation. In the context of Russia's technological modernization, the fact that the SSI for technical sciences is close to one is important, while for medical and agricultural sciences the figure is no higher than 0.4. 
Dynamics and structure of joint publications
Before analysisng the dynamic and thematic structure of Russian international scientific collaboration, a bibliometric retrospective journey was taken into the history of Soviet science to show a very strong path-dependence of Russian scientific contacts with the rest of the world on the tendencies built in the Soviet era. The closed-off nature of the USSR towards the rest of the world had a significant impact on cooperation between Soviet researchers and the global scientific community. The intensity of cooperation was extremely low, but did still increase over time. According to the authors' calculations, the proportion of such publications was 1.25% in 1973 (315 publications) and roughly 5% in 1990 (2,100 publications). During perestroika and after collapse of the USSR, this figure started to grow rapidly. In 1992, the proportion of joint publications with foreign researchers (Russia and other former Soviet countries) reached 10.6%
(3,900 publications). In 1994, it was 16.7% (6,300 publications).
The geographical structure of Russia's scientific contacts also formed back in the Soviet era, and later remained virtually unchanged (in relative terms at least). The USSR's main partners were Germany (primarily East Germany) and the USA. Germany accounted for 27% of the total number of joint publications in 1973-1990 and the USA 14%. Recently, the share of each of these countries in total joint publications has been virtually unchanged, fluctuating between 23% and 27%.
Among the USSR's main scientific partners during this period, it is also worth mentioning Czechoslovakia (14.5% of total joint publications), France (7.8%), Bulgaria (7.5%), Hungary (6.8%) and Poland (6.6%).
Scientific cooperation between the USA and the USSR fluctuated and was highly dependent on the political circumstances at the time. In 1973-1980, the USA's share of joint publications by the USSR with other countries increased from 13.3% to 17.2%. In 1981, with
Ronald Reagan coming to power and the general cooling of relations between the two powers, this figure dropped to 11.2%, and later (right up to the start of perestroika in the USSR) fluctuated between 9.2% and 13.3%. When Reagan left the presidency in 1989, scientific cooperation between the USSR and the USA intensified: in 1989 the USA's share of joint publications with the USSR was 14.7%, in 1990 17.9%, in 1991 21.6% and in 1992 25%. The parallels with the current situation in Russia (with regard to the Western sanctions) are clear.
There is also a marked similarity between Russia and the USSR in the thematic structure of its joint publications. In 1973-1990, the main areas of cooperation were interdisciplinary studies in physics (10.4%), condensed matter physics (9.6%), biochemistry and molecular biology (7%), interdisciplinary studies in chemistry (5.9%), physical chemistry (5.6%), applied physics (5.2%), interdisciplinary studies in materials engineering (5.1%), interdisciplinary studies (5%), astronomy and astrophysics (4.7%), particle physics and quantum field theory (4.6%).
However, in recent years, a sustainable trend has started to take hold, linked to increased international cooperation (Table 2) 26% each of the total number of joint publications). France, the UK and Italy are also among the main counterparties. This can be explained both by the traditional connections between academics in these countries and Russia and the emigration into these countries after the collapse of the USSR of large numbers of Russian researchers who kept professional and personal contacts in their homeland. In absolute terms, the USA, Germany, France, Italy and China lead the way; in terms of growth, Turkey (sevenfold growth), India (roughly fourfold), Australia and China (threefold) are ranked highest. The observed trend can be explained not only by mutual interests, but also by the involvement of academics from different countries in large-scale international collaborations, carrying out research at mega-science facilities (the Large Hadron Collider at CERN, among others), which give rise to papers in which dozens of authors are involved. Table 4 illustrates the distribution of joint publications in certain thematic areas with the highest number of publications (over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] or where the largest changes have been registered.
As expected, in absolute terms 'traditional' physics, mathematics, materials engineering, and certain engineering and technology sciences dominate. The most dynamic growth was seen in publication activity in fields such as interdisciplinary studies, nanotechnology, applied mathematics, metallurgy and certain fields in the medical sciences. Unfortunately, some negative changes were discovered in a number of key areas for Russia: Engineering Electrical Electronic, Engineering Aerospace, Physics Nuclear, Nuclear Science and Technology, and Physics Condensed Matter. In the thematic areas, the number of joint publications with foreign authors over 2003-214 increased in interdisciplinary studies (by 435.9%), nanoscience and nanotechnology (by 165.3%), applied mathematics (by 61.1%), metallurgy (by 59.1%) and multidisciplinary chemistry research (by 56.9%). In addition to this, there was growing cooperation with foreign colleagues in oncology, pharmacology and pharmacy, and zoology. In some disciplines, however, there was a fall in the intensity of contacts. Among these were condensed matter physics, nuclear physics, aerospace engineering, polymer science, and nuclear science and technology.
The results of the bibliometric 'exercises' demonstrated that cooperation with global leaders, the BRICS nations, and certain newly developed economies showing high growth in publication activity in certain scientific fields continues to be promising and probable for Russia.
The approach adopted made it possible to show fields where there are 'absolute' gaps in Russia linked to the development and support of sciences such as cell and tissue engineering, neuroimaging, robotics, medical informatics, etc. These areas, as a general rule, are some of the most advanced and promising segments where searching for partners has been made more difficult for various objective reasons. Evidently, there need to be special decisions on support measures for Russian developments and measures to ensure access to foreign scientific achievements.
The results of the bibliometric analysis of the scientific specialisation and joint publications of Russian and foreign academics were used when establishing the summary tables with the thematic and geographical priorities of Russia's international S&T cooperation (cf.
Tables
A.4 -A.5).
Results of expert surveys
The expert surveys carried out in addition to the bibliometric analysis allowed to refine the list of countries and promising areas for S&T cooperation and to assess the overall direction of Russia's international S&T cooperation development.
As noted above, various surveys were carried out as part of this study. The largest of these surveys was the distance survey of foreign experts on prospective areas for international S&T cooperation with Russia.
To select the experts, based on information from the international scientific citation database Web of Science, foreign authors of 10 per cent most cited publications prepared jointly with Russian researchers were identified. More than 10,000 foreign authors went into this initial database. They were then invited to take part in expert discussions remotely. With the involvement of these specialists, who had confirmed their interest in discussing prospective areas for cooperation, 7 approved priority areas in Russia were examined (ICT, biotechnologies, medicine and health, new materials and nanotechnology, rational use of natural resources, transport and space systems, energy efficiency) together with more than 30 prospective thematic areas for Russia in applied research (technologies), which were identified in the framework of Russian Long-Term S&T Development Foresight for the period up to 2030.
The experts were asked to answer the following questions:
 Which key S&T areas from the list of thematic fields in the electronic survey are the most promising for cooperation between Russia and a specific foreign country (the one represented by the expert) in order to narrow the gap between Russia and global levels and/or to consolidate its international position?
 Which other S&T areas are promising for cooperation?
After preliminary contact with foreign researchers and discarding some of the surveys, more than 530 completed questionnaires from 19 countries were received and analysed 27 .
Russian participants in international research projects were also surveyed.
Representatives from the fields of biology, engineering, physics and mathematics, chemistry, medicine, and geology all took part in the survey. A number of respondents represented major multidisciplinary organizations working across a broad spectrum of disciplines (Skolkovo The results showed that the geography of the respondents' international research cooperation was extremely varied and covered dozens of countries (Fig. 3) . Analysis of the survey results also proved that key partner countries of the surveyed organizations are the global leaders (Germany, the USA, China, the UK, Japan), as corroborated by the bibliometric analysis, as well as countries like India.
In the next 5-10 years, according to the experts, the leading countries will probably continue to be Russia's main partners. These may be joined by states such as Sweden, Netherlands, Finland, Spain, Norway, Austria, Singapore, Switzerland, Czech Republic, Brazil,
Kazakhstan and a number of other countries. This allowed to choose, for each priority and thematic field, the most promising countries for cooperation in basic and applied research (an extract of the final distribution is given in Table   5 ) and to group countries according to the aims of the partnership (Table 6 ).
Without dwelling on the analysis of the final results, it is worth noting that the tables make it possible to observe not only the overall direction of international S&T cooperation development, but also the promising countries and areas for cooperation depending on the focus of Russia's state policy in the given field.
Some preliminary conclusions
In the last few years, Russia has intensified the formation of an effective S&T policy, including its international component [Gokhberg, Kuznetsova, 2011] . 
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